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which a nitrogen atom-containing hydrophobic group is 
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polymerization degree of 5 to 30, and (2) a phospholipid 
vesicle stabilizer comprising a glycolipid derivative in 
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introduced into an anomer cartx)n atom of a reducing 
end group of an oligosaccharide having a saccharide 
polymerization degree of 2 to 30. 
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Description 



FIELD OF THE INVENTION 



The present inventbn relates to a no^e\ glycolipid derivative arxl a phospholipid vesicle stabilizer comprising the 
glycolipid derivative More specifically, the present invention relates to a glycolipid derivative having a structure in which 
a hydrophobic group is introduced throgh a nitrogen atom into an anomer carbon atom of a reducing end group of an 
oligosaccharide and to a phospholipid vesicle stabilizer comprising the glycolipid derivative. 



10 BAOKGRQUND OFTHF INVENTION 

As well known vesicles and fat emulsions have instability such as corf igurational alterations or leakage of contents 
caused by agglutir^ion, fusion, freezing or drying, and many proposals for overcoming such instability have been sub- 
mitted For exarrple. a method for solving such a problem has been attempted in which membranes of vesicles com- 
15 prising phospholipids having unsaturated groups are polymerized to stabilize the membranes (tor example, a review: H. 
RirvjcHnrf of An qpwtf Hhem.. Int. EnaL 27. 113 (1988)). However, the characteristics of the phospholipids before the 
polymerization, for example, gel-crystal phase transition, phase separation and membraneflow characteristics, are lost 
after the polymerization with loss of functions relating to these characteristics. 

On the other hand, cholesterol derivatives containing p-aminogalactose have been used for agglutination control of 
vesicles (P-S Wu, et al., Proc. Natl. Acad, Sci.. USA. 78. 621 1 (1981)). However, the effect of the derivatives is not so 
great as expected and it is suggested that the polymerizatton degree of saccharides is greatly concerned in the effect- 
Furthermore hyalurone derivatives which exert stabilizing action on emulsion systems of vesicles are disclosed (Japa- 
nese Unexa^nined Patent Publication No. 3^7801). However, the hyalurone derivatives can not draw the stabilizing 
effect sufficiently because the derivatives have acyl groups non-se!ectively attached by ester linkages. The above-men- 
tioned effect largely depends upon the positions and the number of the acyl groups introduced- Moreover, the viscosity 
becomes too high to put the derivatives to practical use in some cases. 

The present inventors have disclosed that the introductbn of oligosaccharide fatty acid esters previously developed 
by the inventors into bilayer ment)ranes of vesicles is very effective for the dispersion stabilization of the vesides (Jap- 
anese Unexamined Patent Publication No. 1 -294701). and it is revealed that the fatty acid esters having longer saccha- 
ride chains have a more excellent effect. The above-mentioned oligosaccharide derivatives are non-selective in the 
positions of longK^hain fatty acids introduced and random in the number of the acids introduced. However, one or two 
alkyi chains are successfully selectively introduced into an anomeric position of a reducing end group of the saccharide 
chain by lactonization of the anomeric position (Japanese Unexamined Patent Publication No. 5-317677) or by using 
trimethylsilytf luoromethanesutfonic acid as a catalyst after protection of hydroxy groups with acetyl groups and the like 
(Japanese Unexamined Patent Publication No. 5-294983). which Is found to give a high dispersion stabilizing eHect. 
However, these synthesis procedures are complicated and not practical. Accordingly, the advent of vesicle stabilizers 
which can be prepared by simpler procedures and exhibit high functionality has been desired. 

On the other hand N-glycosyicarboxamide derivatives of monosaccharides or maltose are proposed as antiinfec- 
tion reinforcing agents (Japanese Examined Patent Publication No. 1-40036). However, it has not been known at all that 
the derivatives have the action of stabilizing vesicles. Further, the laid-open patent (Japanese Unexamined Patent Pub- 
lication No. 58-188891) con-esponding thereto refers to oligosaccharides, such as trisaccharides and tetrasaccharides. 
However specifk; exanples thereof are limited to rronosaccharides and disaccharides. 

■me saccharide derivatives disclosed in Japanese Unexamined Patent Publication Nos. 5-317677 and 5^294983 
described above fairiy contribute to the stabilization of vesicles. However, the termini of the oligosaccharides must be 
lactonized or the hydroxy! groups must be protected. Further, the presence of unstable intermediates necessitates 
minute care, labor and time. The above-mentioned conventional procedures are complicated in synthesis, so that they 
have been desired to be simplified in purification operations and improved in yield. The present inventors have inten- 
sively studied for developing glycolipid derivatives of commercial importance in which hydrophobic groups can be 
directly introduced into terminal anomeric positions of oligosaccharides, wfhose yieW is high, and whose purification 
50 process is simple. 
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9X IMMARY OF THE INVENTION 

In view of the above situation, the present inventors conducted intensive investigations. As a result, the present 
inventors have discovered that hydrophobic groups can be selectively introduced into terminal anomeric positions of oli- 
gosaccharides by high reactivity of reducing termini of the oligosaccharides and amino groups, according to a simple 
method, and that the resulting products have as phospholipid vesicle stabilizers a stabilizing effect equal to or greater 
than that of conventional stabilizers, thus completing the present invention. 
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That is, the present invention provides: 

(1) A glycx>lrpid derivatives in which a nitrogen atonrvcontaining hydrophobic group is introduced into an anomer 
cartwn atom of a redudng end group of an oligosaccharide having a saccharide polymerization degree of 5 to 30; 

(2) The glycolipid derivative described in (1). which Is represented by general formula (I): 



10 



S,-N-R, 
I 



(I) 



wherein Si represents an oligosaccharide having a saccharide polymerization degree of 5 to 30; Ri represents an 
aliphatic hydrocartx>n group having 12 to 22 carix)n atoms; and represents hydrogen, an aliphatic hydrocarbon 
15 group having 1 to 22 cartxin atoms or an acyl group having 2 to 22 cartx>n atoms; 

(3) The glycolipid derivative described in (1) or (2). in which the oligosaccharide is a mallooligosaccharide having 
a glucose unit number of 5 to 30. 

(4) The glycolipid derivative descrtoed in (1), (2) or (3). in which the oligosaccharide is a maltooligosaccharide hav- 
ing a glucose unit number of 5 to 30 and the nitrogen atom-containing hydrophobic group is an alkyi group having 

20 12to22cartx)natoms; 

(5) A phospholipid vesicle stabilizer comprising a glycolipid derivative in which a nitrogen atom-containing hydro- 
phobic group is introduced into an anomer carbon atom of a reducing end group of an oligosaccharide having a 
saccharide polymerization degree of 2 to 30; 

(6) The phospholipid vesicle stabilizer described in (5), which is represented by general formula (II): 

25 

I (11) 

30 

wherein S2 represents an oligosaccharide having a saccharide polymerizatbn degree of 2 to 30; Ri represents an 
aliphatic hydrocartwn group having 12 to 22 carbon atoms; and R2 represents hydrogen, an aliphatic hydrocarbon 
group having 1 to 22 cartx>n atoms or an acyl group having 2 to 22 cartxwi atoms; 

(7) The phospholipid vesicle stabilizer desarbed in (5) or (6). in which the oligosaccharide in the glycolipid deriva- 
35 five is a maltooligosaccharide having a glucose unit number of 2 to 30; and 

(8) The phospholipid vesicle stabilizer desaibed in (5). (6) or (7), in which the oligosaccharide in the glycdqpid 
derivative is a maltooligosaccharide having a glucose unit number of 2 to 30 and the nitrogen atom-containing 
hydrophobic group is an alkyI group having 12 to 22 carkx>n atoms; 

40 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention is Illustrated in detail below. Saccharides used for preparing the glycolipid derivatives of the 
present invention are ones having reducing terminal g^oups composed of aldoses or ketoses. and may be branched or 
straight-chain oligosaccharides having a saccharide polymerization degree of 2 to 30. They may be either naturally 

45 occurred or synthetic saccharkJes. Specifically, they are saccharkles in whrch one or more kinds of glucose, fructose, 
xylose, galactose, mannose and glucosamine are linked by a- or p-linkages. Any saccharides can be used as long as 
they have reducing tenninal groups composed of akJoses or ketoses. Examples thereof include maltooligosaccharides, 
laminarioligosaccharides, cellooligosaccharides, isomaltooligosaccharkies, gentiooligosaccharkles, nigerooligosac- 
charides. lactooligosaccharides. melioligosaccharides. inulooligosaccharides, degradation products of starch, degra- 

50 dation products of ptdlulan, degradation products of cellulose, degradation products of other polysaccharides, and 
synthesized saccharkJes. Mixtures of the above-mentfoned oligosaccharkles can also be used. Of these, maltooli- 
gosaccharides having a glucose unit number of 5 to 30. preferably of 5 to 10, (for example, maltopentaose. maltohexa- 
ose, maltoheptaose. maltooctaose. maltononaose, maltodecaose or mixtures thereof) are preferred. The glycolipid 
derivatives used as the phospholipid vesicle stabilizers in the present invention, digosaccharkles having a saccharkJe 

55 polymerization degree of 2 to 30 are used, and the others are the same as described above. In particular, maltooli- 
gosaccharWes having a glucose unit number of 2 to 30. preferably of 5 to 10, are preferred. 

From the importance of the adjustment of hydrophile-hydrophobe balance and steric structures of molecules, the 
nitrogen atom-containing hydrophobic groups used for preparing the glycolipid derivatives of the present invention are 
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primary amines containing aliphatic hydrocartx)n groups each having 1 2 to 22 cartwn atoms, preferably 1 6 to 1 8 carbon 
atoms, for example, alkyl. alkenyl or alkynyl, or secondary amines containing aliphatic hydrocaitwn groups each having 
1 2 to 22 carbon atoms, preferably 1 6 to 1 8 carbon atoms, and aliphatic hydrocarbon groups each having 1 to 22 carbon 
atoms, for exairple, alkyi, alkenyl or alkynyl. When an unsaturated group(s) is contained, the number of the unsaturated 

5 group(s) is preferably from 1 to 4. Examples of the primary amines include dodecylamine, tridecylamine, tetrade- 
cylamine. pentadecylamine, hexadecylamine. hepladecylamine. octadecylamine, docosylamine and oleylamine. each 
also including a branched chain. Further, amines such as branched isopreonids can also be used. The secondary 
amines include N-methylKJodecylamine. N-methyl-tetradecylamine. N-methyl-hexadecylamine. N-ethyl-dodecylamine. 
N-ethyl-tetradecyl-amine. N-ethyl-hexadecylamine, N-propyl<lodecylamine, N-propyl-tetradecylamine, N-propyl-hexa- 

70 decylamine and dioleylamine. each also Including a branched chain. 

The glycolipids with which the primary amines have been allowed to react can be further altowed to react with acid 
anhydrides or acid chlorides having 2 to 22 cartx>n atoms at the nitrogen atoms. Fatty acids used in the add anhydrides 
or the acid chlorides include acetic ^id. propionic acid, butyric add. valeric add. isovaleric acid, caproic add. enanthic 
add. capryiic acid, pelargonic add, capric add, undecanoic add. lauric add, tridecanoic add. myristic add. pentade- 

15 canoic add, palmitic add. margaric acid, stearic acid, nonadecanoic add. arachlc acid, behenic add, oleic add, lindeic 
add, linolenic add and arachidonic add. 

TTie nitrogen atom-containing hydrophobic groups are introduced into the terminal anomer cartwn atoms of sac- 
charide chains by allowing the above-mentioned oligosaccharkles having redudng termini to react with the above-men- 
tioned amines in reaction solvents. preferafcJy in an atmosphere of nitrogen at about 20**C to about SO^C for 1 hour to 6 

20 hours. The reaction solvents which can be used include lower alcohols such as methanol, ethanol, propanol, isopropa- 
nol, butanol, tert-butand and isobutand. ethers such as diisopropyl ether and diethyl ether, lower ketones, esters such 
as ethyl acetate and butyl acetate. dimethyHormamide, formamide. chloroform, dichloromethane, dicxane, tetrahydro- 
furan. benzene, toluene and hexane. In the Lockhoff method of introducing alkyl chains into the terminal anomeric posi- 
tions of monosaccharides and disaccharkJes (O. Ljockhoff. Anoew. Chem. Int. Ed. Engl.. 30. 161 1 (1991)), the reaction 

25 within 1 hour in the atmosphere is described. However, when the hydrophobic groups are introduced into the oligosac- 
charides having a saccharide polymerization degree of 5 or more, starting materials turn brown or black in the atmos- 
phere during reaction. It is therefore preferred that the reaction Is carried out in an atmosphere of nitrogen. 

The add anhydrides or the acid chlorides are introduced by altowing them to react in sdvents or in water-organic 
solvents at 0°C to 80'*C. The reaction sdvents include dioxane. dimethylformamide. dimethyl sulfoxide and N-melhyl- 

30 pyn^olidinone. and the organic sdvents mixed with water indude benzene, toluene, xylene, hexane. methanol, ethanol, 
txitanol arxj acetone. 

For the purification of products, unreacted hydrophobic groups containing amino groups and fatty adds are 
removed by extraction operations with solvents in which these substances are highly soluble. Such solvents indude 
hexane. chloroform, dichtoromethane, benzene, toluene and xylene. Unreacted saccharides are extracted vwth aque- 
35 ous sdutions or can be fractionated by use of dichloromethane, melhand or water as a mobile phase and silica gel as 
a stationary phase. The products are confirmed by nuclear nragnetic resonance spectroscopy, infrared spectroscopy, 
mass spectrometry arxJ elemental analysis. 

The purity of the glycolipids thus obtained are examined by thin layer chromatography and high performance liquid 
chromatography 

40 Examples of the glycolipid derivatives of the present invention are shown by structural formulas below. 
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n = 5 ~ 30 

15 



In the phospholipid vesicle stabilizers comprising the glycolipid derivatives of the present invention, the glycolipid 
derivatives in which the nitrogen atoni-containing hydrophobic groups are introduced into the anomer carbon atoms of 
20 the reducing termini of the oligosaccharides having a saccharide polymerization degree of 2 to 30, particularly the gly- 
colipid derivatives represented by general formula (II), are used. 

So-N-R, 

1 (II) 

25 R2 

wherein S2 represents an oligosaccharide having a saccharide polymerization degree of 2 to 30; Ri represents an 
aliphatic hydrocartton group having 12 to 22 carbon atoms; and R2 represents hydrogen, an aliphatic hydrocartton 
30 group having 1 to 22 carbon atoms or an acyl group having 2 to 22 cariDon atoms. 

Stabilization of the vesicles by use of the glycolipid derivatives of the present invention can be achieved in the fol- 
lowing manner. 

The phospholipid vesicle stabilizers of the present invention are added in an amount of 2 mol% to 50 mol%. pref- 
erably in an amount of 5 mol%to 10 mol%. to mixed lipids comprising phospholpds as main components, sterols such 
35 as cholesterol and cholestanol, or fatty acids and negatively charged phospholipids such as phosphatidic acid and 
phosphatidyl glycerol to prepare hydrates. Vesicle dispersions with a diameter of 30 to 200 nm are prepared from said 
hydrates by known methods using ultrasonic agitators, microf luidizers or extruders. 

Further, it is also possible to introduce the phospholipid vesicle stabilizers of the present invention only into outer 
surfaces of the vesicles by adding aqueous solutions of the stabilizers to dispersed solutions of the vesicles prepared 
40 beforehand. The phospholipid vesicle stabilizers are added in an amount of 1 mol% to 30 mol%, preferably 3 mol% to 
10 mol%. to the dispersed solutions of the vesicles and allowed to stand at 5<*C to 80^C for some time, preferably for 30 
minutes or nrrare. thereby introducing the vesicle stabilizers into the vesicles. 

The particle size of the vesicles in the vesicle dispersions can be confimied by use of a particle size distribution 
measuring device or by observation of samples treated by negative staining or freeze-fructure under a transmission 
45 electron miaoscope. 

The above-mentioned cfispersions of the vesicles are subjected to gel filtration or ultracentrifugation to renrxjve the 
stabilizers which have not been introduced into the vesicles to the outsides of the systems, followed by quantitative 
determination of saccharides in respective fractions by the phenol-sutfuric acid method, thereby k>eing able to confirm 
that 90% or more of the phospholipid vesicle stabilizers added have been introduced into the phospholipid vesicles. The 
50 dispersion stability can be readily estimated by measuring the variation of absorbance (turbidity) at 300 nm to 800 nm 
with the lapse of time with a visible-light spectrophotometer, for the dispersions from which the free phospholipid vesicle 
stabilizers have been removed by gel filtration or ultracentrifugation, and which are allowed to stand at room tempera- 
ture. When ttie dispersions are not stabilized, agglutination or fusion of the vesicles occurs to increase the turbidity. 

Evaluation methods of the dispersion stability include a method of measuring the viscosity of the vesicle disper- 
55 sions with a cone plate type rotational viscometer and a microscopic method by use of an optical microscope or an elec- 
tron microscope, as well as the above-mentioned turbidity measuring method. 

The glycolipid derivatives of the present invention are honwgeneously introduced into phospholipid bilayer mem- 
branes of the vesicles to function as the stabilizers for the phospholipid vesicles (hereinafter referred to as Vesicles!. 
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because ot their high affinity for the phospholipids. In addition, the glycolipid derivatives introduced into the v^ides 
retain the state where chains of the saccharides are exposed to the aqueous phase, and can be homogeneously dis- 
persed on the men*ranes of the vesicles. 

Tlie glycolipid derivatives of the present invention used as the phospholipid vesicle stabilizers can be appropriately 
used according to the purposes of use such as dispersion stabilization of proteins, label formation lor recognition by 
specific antibodies and inhibition of phagocytosis in vivo, as well as inhibition of agglutination of the vesides. prevention 
of membrane fusion and inhbition of leakage of contents in the vesides. 

When the vesicles contain the proteins, they are desirably stored in the low-temperature, frozen or dried state. The 
vesides modHied with the glycolipid derivatives of the present invention do not agglutinate and fuse even in repeated 
operations of freezing and thawing, and can be stored as frozen vesides. Moreover, it is also possible to store them as 
dried vesides obtained by lyophilizalion or spray drying. 

When carriere in which aqueous phases of the vesides contain functional pdymers are administered inviyo, longer 
retention time in blood results in higher effectiveness. However, the vesides agglutinate by interaction with proteins or 
caldum ions existing in plasma, and are sometimes exduded from blood by uptake in reticutoendothelial systems and 
phagocytes for a short period of tima However, the retention time of the vesicles in btood can be controlled by surface 
modification of the vesides with the glycolipid derivatives of the present invention. 

Further the glycolipid derivatives of the present invention having unsaturated bonds in their hydrophobic moieties 
are most suitable for using them in combination with polymerizaWe phospholipids, for example, for applying them onto 
surfaces of incubators, followed by copdymerization to convert the surfaces of the incubators to hydrophilic and 
cytophilic surfaces, and give to the surfaces of the incubators a great culture eHed which has been never seen. 

In the phospholipid veside stabilizers of the present invention, the readion sites are restricted by the method of 
combining the redudng termini of the oligosaccharides having a saccharide pdymerization degree of 2 to 30 with 
amines having hydrocarbon chains, and then. bincBng acyl groups or hydrocarbon chains to the N-posihons. Acraid- 
ingly no protective groips are required in the synthesis of the glycolipid derivatives, which makes it possible to simply 
synthesize them, and it is unnecessary to use HPLC in the purification process, because of utilization of the difference 
in sdubility from the raw materials. The ^ycolipid derivatives can therefore be si^pHed in high yields in large amounts 
at low cost The phospholipid veside stabilizers of the present invention comprising these glycolipid derivatives are 
used as stabilizers for vesides and fat emulsions in the f iekls of cosmetics, drugs and industry. This enables dispersion 
stabilization to ions and long-term stable storage, as well as dispersion stabilization such as inhibition of agglutination 
or fusion of the vesides or the fat emulsions themselves, and it becomes possible to use the stabilizers of the present 
invention as stabilizers to refusion after lyophilization and pulverization, whidi is excellent in economy and perform- 

The present invention will be described in more detail with reference to exanrples below, but is not limited thereby. 

35 EXAMPLE I (Production Examples) 

EXAMPLE 1-1 

A maltopentaose (400 mg) and ocladecylamine (262 mg) were dissolved in 10 ml of dimethytfomiamide (DMF). 
and allowed to react in an atmosphere of nitrogen at 80°C for 5 hours. The progress of the reaction was confirmed by 
disappearance of the spot of the maltopentaose (Rf = 0.05) and appearance of a new spot (Rf = 0.53) using thin layer 
chromatography (Silica Gel 60. Merck Co.. developing solvent: chloroform/methanoiywater = 5/4/1. detection: sulfunc 
acid) TTie reaction was stopped at the time wfhen the single spot of Rf = 0.53 appeared. The reaction solution was con- 
centrated under reduced pressure and washed with hexane. followed by drying to obtain 418 mg of a light yellow pow- 
der From appearance of a peak of amine^Jerived N-H at 1600 cm"^ in IR spectmm and a peak of a secondary amine 
in 13C-NMR (solvent: heavy DMSO). it was confirmed that octadecylamine was bound to the anomer carbon atom of 
the maltopentaose. 
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EXAMPLE 1-2 



A maltooligosaccharide having an average saccharide polymerization degree of 11.3 (500 mg) and octade- 
cylamine (160 mg) were dissolved in 10 ml of dimethyttormamide (DMF). and allowed to react in an atmosphere of nitro- 
gen at SOX for 5 hours. The progress of the reaction was confirmed by disappearance of the spot of the 
maltooligosaccharide (Rf = 0.03) and appearance of a new spot (Rf = 0.32) using thin layer chromatography (Silica Gel 
60 Merck Co developing solvent: chloroform/methanolMater = 5/4/1, detection: sulfuric acid). The reaction was 
sttipped at the time when the single spot of Rf = 0.32 appeared- The reaction solution was concentrated under reduced 
pressure and washed with hexane. followed by drying to obtain 460 mg of a light yellow powder. From appearance of a 
peak of amine^lerived N-H at 1600 cm"^ in IR spectrum and a peak of a secondary amine in ^^C-NMR (solvent: heavy 
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DMSO), it was confirmed that ocladecylamine was bound to the anomer cart>on atom of the maHooligosaccharide. 
EXAT^PLE 1-3 

A maftooligosaccharide having an average saccharide polymerization degree of 20.4 (500 mg) and oclade- 
cylamine (80 mg) were dissolved in 10 ml of dimethytformamide (DMF) and allowed to react in an atmosphere of nitro- 
gen at 80°C for 5 hours. The progress of the reaction was confirmed by disappearance of the spot of the 
maltooligosaccharide (Rf = 0.01) and appearance of a new spot (Rf = 0.15) using thin layer chromatography (Silica Gel 
60. Merck Ck)., developing solvent: chlorofomVmethanol/water = 5/4/1, detection: sulfuric acid). The reaction was 
stopped at the time when the single spot of Rf = 0. 1 5 appeared. The reaction solution was concentrated under reduced 
pressure and washed with hexane. followed by drying to obtain 430 mg of a light yellow powder. Rrom appearance of a 
peak of amine<lerived N-H at 1600 cm*^ in IR speclmm and a peak of a secondary amine in ^^C-NMR (solvent: heavy 
DMSO). it was confimied that octadecylamine was bound to the anomer cart>on atom of the maltooligosaccharide. 

EXAMPLE 1-4 

The glycolipid derivative (200 mg) obtained in Example 1-2 was dissolved in 5 ml of dimethyHbrmamide (DMF), and 
palmitoyi chloride (60 mg) was added dropwise thereto at 20*»C, followed by reaction for 3 hours. The reaction product 
was repredpitated with acetone, washed with water, and then dried to obtain 160 mg of a light yellow powder. From 
appearance of a peak of amidfrderived C=0 at 1640 cm"^ in IR spectrum and a peak of C=0 in ^^C-NMR (solvent: 
heavy DMSO). it was confimied that palmitic add was bound to the secondary amine. 

EXAMPLE 1-5 

A maltooligosaccharide having a saccharide polymerization degree of 7 (500 mg) and dodecylamine (170 mg) 
were dissolved in 10 ml of dimethytformamide (DMF) and allowed to react in an atmosphere of nitrogen at 80^C for 5 
hours. The progress of the reaction was confirmed by disappearance of the spot of the maltooligosaccharide (Rf = 0.04) 
and appearance of a new spot (Rf = 0.30) using thin layer chromatography (Silica Gel 60, Merck Co.. developing sol- 
vent: chlorofonn/^nethanolAwater = 5/4/1 , detection: sulfuric acid). The reaction was stopped at the time when the single 
spot of Rf = 0.30 appeared. The reaction solution was concentrated under reduced pressure and washed with hexane. 
followed by drying to obtain 420 mg of a light yellow powder. From appearance of a peak of amine-derived N-H at 1600 
cm-^ in IR spectrum and a peak of a secondary amine in ^^C-NMR (solvent: heavy DMSO). it was confirmed that the 
amine was bound to the anomer carbon atom of the maltooligosaccharide. The resulting glycolipid derivative (200 mg) 
was dissolved in 5 ml of dimethylfomnamide (DMF), and acetic anhydride (1 0 mg) was added dropwise thereto at 20°C, 
followed by reaction for 3 hours. The reaction product was repredpitated with acetone, washed with water, and then 
dried to obtain 140 mg of a light yellow powder. From appearance of a peak of amide-derived C=0 at 1640 cm" in IR 
spectrum and a peak of C=0 in ^^C-NMR (solvent: heavy DMSO). it was confirmed that acetic add was bound to the 
secondary amine. 

EXAMPLE 1-6 

The glycolipid derivative (200 mg) obtained in Example 1-3 was dissolved in 5 ml of dimethyHbrmamide (DMF), and 
ocladecadienoyi chloride (36 mg) was added dropwise thereto at 20°C, followed by reaction for 3 hours. The reaction 
product was reprecipitated with acetone, washed with water, and then dried to ol>tain 140 mg of a light yellow powder. 
From appearance of a peak of amkle^lerived C=0 at 1640 cm"^ in IR spectrum and a peak of C=0 in ^^C-NMR (sol- 
vent: heavy DMSO). it was confirmed that ocladecadienoic add was bound to the secondary amine. 

EXAMPLE 1-7 

A maltooligosaccharide having an average saccharide polymerization degree of 28.2 (500 mg) and docosylamine 
(70 mg) were dissolved in 10 ml of dimethylformamide (DMF). and allowed to react in an atmosphere of nitrogen at 
SO^'C for 5 hours. The progress of the reaction was corrf irmed by disappearance of the spot of the maltooligosaccharide 
(Rf = 0.01) and appearance of a new spot (Rf = 0.1 7) using thin layer chromatography (Silica Gel 60. Merck Co.. devel- 
oping solvent: chloroform/methanol/Water = 5/4/1 . detection: sulfuric acid). The reaction was stopped at the time when 
the single spot of Rf = 0.1 7 appeared. The reaction solution was concentrated under reduced pressure and washed wHh 
hexane. followed by drying to obtain 430 mg of a light yellow powder. From appearance of a peak of amine-derived N- 
H at 1 600 cm-^ in IR spectrum and a peak of a secondary amine in ^^C-NMR (solvent: heavy DMSO), it was confirmed 
that the amine was bound to tiie anomer carbon atom of the maltooligosaccharide. The resulting glycolipid derivative 
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(200 mg) was dissolved in 5 ml of dimethytformamide (DMF), and p-nitrophenyl docosanoate (1 00 mg) was added drop- 
wise thereto at 20**C. followed by reaction for 3 hours. The reaction product was repredprtated with acetone, washed 
with water, and then dried to obtain 130 mg of a light yellow powder. From appearance of a peak of amide-derived C=0 
at 1640 cm"^ in IR spectrum and a peak of C=0 in ^^c-NMR (solvent: heavy DMSO), it was confirmed that docosanoic 
acid was lx>und to the secondary amine. 

EXAMPLE II (Stabilization) 

EXAMPLE 11-1 

DipalmitoyI phosphatidylcholine (DPPC) (50 mg) was dissolved in chloroform and the resulting solution was dried 
under reduced pressure to fbmi a thin membrane. Distilled water (10 ml) was added thereto and tiie mixture was sub- 
jected to probe type ultrasonic agitalbn to obtain a milky transparent dispersion of vesicles (particle size: 35 nm). Each 
of the glycolipid derivatives obtained in Examples 1-1 and 1-2 and an aqueous solution of maltosyl octadecylamine (3.2 
mM, 2 ml) was added to 2 ml of the dispersion, and each mixture was allowed to stand at 50**C for 1 hour. Tlius, the 
glycilipid derivatives could be introduced into surfaces of the DPPC vesicles. The unintroduced glycolipid derivatives in 
supernatant solutions were removed by centrHugation (30,000 g, 60 minutes) and quantitatively determined by the phe- 
nol-sulfuric acid method to calculate introducing rates (Table 1). 

The vesicles recovered as precipitates were redispersed into hot water of 50°C. and the resulting dispersions were 
allowed to stand at 25**C for 24 hours. Then, changes in turt)idity were determined from changes in optical density {X = 
500 nm) measured on a visible light spectrophotometer. The unmodified vesicles exhibited the largest change In optical 
density (AO.D.) and the change decreased in tiie order of tiie maltose derivative, the oligosaccharide derivative (aver- 
age polymerization degree: 1 1 .3) and ttie mattopentaose derivative (Table 1). 



TaWel 



(Introducing Rates of Glycolipid Derivatives and Changes in 
Turt)idity) 


Glycolipid Derivative 


Introducing Rate (%) 


AO.D. 


Unmodified 




0.25 


Maltose Derivative 


93 


0.10 


Production Example 1 


91 


0.01 


Production Example 2 


65 


0.05 



EXAMPLE 11-2 

DipalmitoyI phosphatidylcholine (DPPC) (200 mg). cholesterol (106 mg). dipalmitoyi phosphatidylglycerol (DPPG) 
(58 mg) and the glycolipid derivative obtained in Example 1-3 (124 mg) were dissolved In a mixed solvent (chloro- 
form/methanol), and the resulting solution was dried under reduced pressure to form a tiiin membrane. The membrane 
was hydrated with 5 ml of a buffer solution (HEPES 20 mM. NaC1 140 mM). and vesicles adjusted to 200 nm in particle 
size by exh-usion (final filter pore size: 0.2 ^m) was prepared. The free glycolipid derivative was removed by centrifuga- 
tion (30.000 g, 60 minutes). The introducing rate of the glycolipid derivative into the vesicles was found to be 95%. As 
a corrparative example, vesicles were similarly prepared from dipalmitoyi phosphatidylcholine (DPPC) (200 mg). cho- 
lesterol (106 mg) and dipalmitoyi phosphatidylglycerol (DPPG) (58 mg). 

The vesicles recovered as a precipitate were redispersed in a buffer solution (HEPES 20 mM, NaC1 140 mM) so as 
to give a concentration of 10% by weight, and distilled water or a 4-mM aqueous solution of Ca^^ in a volume equal to 
that of the dispersion was added tiiereto. Then, the solution viscosity was measured with a cone plate type rotational 
viscometer. In the system into which the glycolipid derivative was not introduced, addition of the aqueous solution of 
Ca^* caused agglutination of ttte vesicles, and particularly, a remarkable rise In solution viscosity was observed in the 
shear rate region. However, in tfie system into which the glycolipid derivative was introduced, no increase in solution 
viscosity due to addition of the aqueous solution of Ca^* was observed. 

EXAMPLE 11-3 

DistearoyI phosphatidylcholine (DSPC) (100 mg), cholesterol (50 mg). dipalmitoyi phosphatidylglycerol (DPPG) (28 



8 



EP0 861 848 A1 



mg). the glycolipid derivative obtained in Example 1-4 (61 mg) were dissolved in a mixed solvent (chloroformAnethanol) 
and the resulting solution was dried under reduced pressure to form a thin membrane. The membrane was hydrated 
with 5 ml of a buffer solution (HEPES 20 mM. NaQ 140 mM) and vesicles adjusted to 200 nm in particle size were pre- 
pared by extrusion (final f ater pore size: 0.2 ^im). The free glycol(pid derivative was removed by centrifugation (30,000 
g, 60 minutes). The introducing rate of the glycolipid derivative into the vesicles was 96%. As an comparative example, 
vesicles were similarly prepared from distearoyi phosphatidylcholine (DSPC) (100 mg). cholesterol (50 mg). and 
dipalmitoyi phosphatidylglycerol (DPPG) (28 mg). 

The vesicles recovered as a precipitate were redispersed into a buffer solution (HEPES 20 mM. NaC1 1 40 mM). The 
resulting dispersion was freezed at -40°C and melted at 25°C. After this operation was repeated four times, the particle 
size of the vesicles was measured with a particle size distritsution measuring device In the system into which the gly- 
colipid derivative was not introduced, a new peak was obsen^ed at 500 nm by agglutination induction of the vesicles and 
the intensity thereof increased with the number of repetitions of the operation. In the system into which the glycolipid 
derivative was introduced, such a change In particle size was not observed. 

EXAMPLE 11-4 

DimyristoyI phosphatidylcholine (DMPC) (100 mg), cholesterol (50 mg), dipalmitoyi phosphatidylglycerol (DPPG) 
(28 mg) and the glycolipid obtained in Example 1-7 (61 mg) were dissolved in a mixed solvent (chlorofomfi/metfianol), 
and the resulting solution was dried under reduced pressure to form a thin membrane. The membrane was hydrated 5 
ml of an aqueous solution of cariDoxyf luorescein (CF) and the average particle size thereof was adjusted to 200 nm with 
a microf luidizer. CF which was not internally capsulated and the free glycolipid derivative were renroved by gel filtration. 
As a corrparative example, vesicles were similariy prepared from dimyristoyl phosphatidylcholine (DMPC) (100 mg), 
cholesterol (50 mg). and dipalmitoyi phosphatidylglycerol (DPPG) (28 mg). 

The dispersion was lyophilized, and redispersed irrto distilled water. Then, the leakage rate of internally capsulated 
OF was measured. In the system into which the glycolipid derivative was not introduced, the leakage rate arTX)unted to 
50%. whereas in the system into wtiich the glycolipid derivative was introduced, it was suppressed to 10%. 

EXAMPLE 11-5 

DioctadecadienoyI phosphatidylcholine (100 mg) and the glycolipid derivative obtained in Example 1-6 (23 mg) 
were dssolved in a mixed solvent (chloroform/rnethanol), and the resulting solution was dried under reduced pressure 
to form a thin membrane. The membrane was hydrated with 10 ml of distilled water, and tiie particle size tiiereof was 
adjusted to 200 nm by extrusion (final filter pore size: 0.2 ^m). After rertwval of the free glycolipid derivative by ultracen- 
trrfugation, copolymerization was conducted under ice cooling by ultraviolet irradiation (for 30 minutes) with a low pres- 
sure mercury lamp. After spray drying, the resulting product was redispersed into distilled water, and the particle size 
thereof was measured with a particle diameter distribution measuring device. As a result, the particle size of 200 nm 
was completely kept. 

Vesicles of dioctadecadienoyi phosphatkfylcholine into which the glycolipid was not introduced were similarly 
polymerized, and the resulting product was spray dried to obtain a powder. The powder thus obtained was poorly redis- 
persed into distilled water, and a number of aggregates having a size of 400 nm or more were observed. 

The glycolipid derivatives of the present invention are useful for giving stability to the phospholipkJ vesides. Use of 
the glycolipid derivatives as nrxxjifiers for the vesicles makes enables dispersion stabilization to ions, stabilization to 
lyophilization and pulverization which makes long-term stable storage possible, or application to cosmetics such as 
beauty lotion and skin lotion, as well as dispersion stabilization such as inhibitk>n of agglutination and fusion of the ves- 
icles then^selves. The glycolipid derivatives can be simply synthesized without no need for protective groups because 
of the restricted reaction sites, and obtained In high yiekJs witiioul use of HPLC in the purification process. Accordingly, 
the phospholipid vesicle stabilizers of the glycolipid derivatives are excellent in economy and performance, and 
expected to have many applications. 

Claims 

1 , A glycolipid derivative in which a nitrogen atom-containing hydrophobic grotp is introduced into an anomer cartxxi 
atom of a reducing end group of an oligosaccharide fnaving a saccharide polymerization degree of 5 to 30. 

2. The glycolipid derivative according to claim 1 . which Is represented by general formula (I): 
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(I) 



wherein Si represents an oligosaccharide having a saccharide polymerization degree of 5 to 30; Ri represents an 
aliphatic hydrocartxKi group having 12 to 22 cartwn atoms; and R2 represents hydrogen, an aliphatic hydrocart)on 
10 group having 1 to 22 cartx>n atoms or an acyl group having 2 to 22 cartwn atoms. 

3, The glycolipid derivative according to claim 1 or 2 Jn which the oligosaccharide is a maltooligosaccharide having a 
glucose unit number of 5 to 30. 

15 4, The glycolipid derivative according to claim 1 , 2 or 3. in which the oligosaccharide is a maHooligosaccharide having 
a glucose unit nun*)er of 5 to 30 and the nitrogen atom-containing hydrophobic group is an alkyi group having 12 
to 22 cartx)n atoms; 

5. A phospholipid vesicle stabilizer comprising a glycolipid derivative in which a nitrogen atom-containing hydrophobic 
20 group is introduced into an anomer carbon atom of a reducing end group of an oligosaccharide having a saccharide 

polymerization degree of 2 to 30. 

6. The phospholipid vesicle stabilizer according to daim 5. which is represented by general formula (10: 

25 

So-N-Rj 

I (II) 

30 

wherein S2 represents an oligosaccharide having a saccharide polymerization degree of 2 to 30; Ri represents an 
aliphatic hydrocarbon group having 12 to 22 carbon atoms; and Rg represents hydrogen, an aliphatic hydrocarbon 
group having 1 to 22 carbon atoms or an acyl group having 2 to 22 carbon atoms. 

35 7. The phospholipid vesicle stabilizer according to daim 5 or 6, in which the oligosaccharide in the glycolipid derivative 
is a maltooligosaccharide having a glucose unit numt)er of 2 to 30. 

8. TTie phospholipid veside stabilizer according to daim 5. 6 or 7. in which the digosaccharide in the glycolipid deriv- 
ative is a maltooligosaccharide having a glucose unit nuirfcer of 2 to 30 and the nitrogen atom-containing hydro- 
40 phobic group is an alkyI group having 12 to 22 cartx)n atoms. 
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